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Solar photovoltaic energy 
for agricultural operations
FARM ENERGY
The popularity of generating electricity from solar photovoltaic (PV) arrays is 
growing. Iowa is in the top third of states for harnessing energy from the sun. 
A combination of new technology, significantly increased production of arrays, 
and tax incentives have cut the installed cost of solar generation by more than 
50 percent in the past several years and greatly changed the economics for 
those interested in solar. A primary motivating factor for solar installation is to 
offset electrical consumption and hedge against future costs, but an important 
secondary factor for some is a desire to “go green”, by reducing their fossil  
fuel consumption.
What does a system look like?
A solar photovoltaic (PV) system has several key components used to 
transform sunlight into useable power. These include a solar array (solar 
panels), racking system, inverters and an interconnection with the electrical 
grid. If a system is intended to provide emergency backup then a battery bank 
will be required which adds considerable cost.
Solar Array: A solar array, composed of modular panels created using  
multiple solar cells, is the key to harvesting power. These solar cells use 
semiconductors to convert sunlight to direct current (DC). Solar cells are 
generally either monocrystalline, multicrystalline or polycrystalline, or 
amorphous thin film solar cells. Monocrystalline cells are widely used and 
tend to be the most efficient and reduce the overall physical size of the array 
but tend to be the most expensive. Multicrystalline and polycrystalline solar 
cells tend to be less expensive but are less efficient so will require a larger 
array than does the monocrystalline cells. Amorphous thin film solar cells are 
flexible, resistant to hail or rock damage but have a shorter usable  life. They 
are less efficient in normal sunlight but more efficient than other types in low 
light levels, such as partially shaded or during evening or morning hours. 
Care should be taken to position the solar array in a place that is not subject to 
shade. Shade can cause additional inefficiencies in harvesting power due to 
voltage differences created by shade on a given panel.
Racking System: Racking systems are the structurally framed support 
system on which the individual solar modules are mounted to create the array. 
These can be roof-mounted or ground-mounted. The system should hold the 
panels steady and be designed to withstand wind and allow for the shedding 
of snow during winter, limiting generation. Systems can be mounted at a 
fixed angle facing south, have a manual adjustment to change the tilt as the 
season changes or mechanized to change the tilt and/or track the path of the 
sun. Manually adjusted systems can have an increase in generation of 8 to 12 
percent over fixed racks, depending on how frequently the angle is adjusted. 
Systems that automatically adjust the tilt and track the sun can have a 20 to 25 
percent increase in generation.
Photo courtesy of the Iowa Energy Center
Illustration by Ser_igor/Thinkstock.com
The lower edge of ground-mounted arrays should be 
mounted high enough to avoid shading by snow drifts 
Photos courtesy of the Iowa Energy Center
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Inverters: Inverters convert the direct current (DC) that is generated by 
the modules to alternating current (AC) which can be either used on-site or 
placed on the electrical grid. Inverters can be either string inverters or micro-
inverters. Both types are successful as long as they are matched to the module 
performance output. If inverters are undersized they will waste the excess 
power produced in heat. If inverters are greatly oversized they tend to be  
very inefficient.
Interconnection: Check with the power company for additional items 
that may be required (e.g. proof of liability insurance) before connecting 
to the power grid. Besides providing bidirectional metering through an 
interconnection, there may be some type of monitoring system to examine the 
performance of the system. The system cannot be used as a backup system 
without battery storage. Expense usually precludes use of a battery system 
except in remote locations where there is a significant cost to provide electrical 
service or for very small installations (e.g. pasture waterer).  
Usage and Production Patterns:
Usage patterns will be different for various types of agricultural production 
facilities. As an example, figure 1 shows data for a tunnel-ventilated swine 
finishing facility. In this type of facility the main electrical usage would be 
from powering ventilation fans. It would seem that most of the electrical 
consumption would be during the hottest months, when most of the fans will 
be running continuously. However, other issues, such as the time of year when 
pigs are placed into the facility, will impact consumption patterns. The pattern 
for electrical production is shown on the graph, illustrating that some months 
will consume more electrical energy than is produced and some months will 
have an excess amount of power produced. Similar patterns would likely exist 
with other types of livestock facility.
Figure 1. Electrical energy consumed and electricity produced from a 47 kW solar system 
monthly for a swine tunnel ventilated barn near Mason City, Iowa. 
Photo courtesy of the Iowa Energy Center
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Likewise, a farmstead that may have grain bins with drying and aeration fans 
may have a very different usage pattern. Usage will be very high for a few 
months and then lower for others. This becomes an important consideration  
in how billing is handled and if excess hours can be banked for usage later. 
Figure 2 gives an example for grain and a small farm shop. Information on 
billing structure follows. 
Economic considerations
Electrical bill
Perhaps the most important step in evaluating if solar generation is a good 
investment is to understand your electric bill. Cost per kilowatt-hour (kWh) for 
any single monthly bill can be calculated by dividing total cost (less fixed costs 
such as meter charge) by the number of kWh’s purchased that month. Other 
subtle points underlying electrical costs may be more difficult to discern, but 
are important to understand. These points can dramatically affect the offset of 
electrical costs, or payback time for an installation. 
 
Electrical costs may be shown on the bill as a combination of fixed and energy 
charges. Fixed charges include costs for transmission of electricity through 
line, transformers, and other infrastructure to your site (service entry). Energy 
charges include costs to generate electricity to feed into the power transmission 
system. Several additional factors are commonly used in billing for electricity:
• Differential costs between winter and summer. Summer kWh’s may be  
more expensive due to increased overall system demand.
• Lower kWh cost for electrical heat. Users of significant electrical heat during 
winter months may receive a lower rate for the kWh’s they purchase during 
winter heating. Note: Using an array will likely preclude receiving incentive 
lower electrical heating rates (check with your electric provider).
• Tiered electrical rates. The first kWh’s purchased each month are at a higher 
rate, with lower charges for additional kWh’s. This produces a similar effect 
as charging for fixed and variable energy costs and may be used in place  
of it.
Figure 2. Example of yearly usage cycle for a farm with grain drying and aeration. Based on 
47 kW solar system near Mason City, Iowa.  
Photo by Leungchopan/Thinkstock.com
Photo by User2547783c_812/Thinkstock.com
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Buyback potential
Visiting with your electric provider early in the decision process of whether 
to pursue solar PV can help you understand cost components of your electric 
bill. This contact is also necessary to determine the potential for net metering 
to evaluate the rate of payback to offset electrical costs that are currently 
purchased. 
Important points in buyback are whether you are compensated at the same rate 
per kWh as the electricity you are purchasing (includes both generation and 
transmission charges, often termed ‘retail rate’ or ‘net metering’) or if you are 
compensated only for the avoided costs of electrical generation (this amount 
may be less than half of purchased cost rate, often termed ‘wholesale rate’ or 
avoided generation cost). Excess solar PV generation beyond current electrical 
use creates surplus energy which can be “banked”. A credit occurs when the 
power provider uses excess, “banked”, solar PV energy fed into the system 
against your local demand. Settlement (‘zeroing out’ of your banked credit 
account) may be annually (once per year, typically on December 31 or March 
31) or monthly (at the end of each month). 
Seasonal electrical load can be significant for some users during cold weather 
months (e.g., with electrical heating), whereas peak solar PV generation occurs 
during summer months (figure 3). Inability to generate local electrical needs 
during late winter (January and February) is partially offset by summer air 
conditioning demand for residential loads. In addition, agricultural users benefit 
from solar production for ventilation fans used during summer in livestock 
housing and on grain bins in fall. Banked energy credits shown in figure 3 are 
a cumulative total of the difference between solar generation and electrical use 
throughout the year starting in January. 
Figure 3. Example of electrical use (including home electrical heating, air conditioning, 
summer livestock ventilation, and grain drying), solar generation, and banked energy 
(annual settlement on December 31).  
Photo courtesy of the Iowa Energy Center
Photo courtesy of the Iowa Energy Center
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Tax impacts
Although solar array costs have fallen, a significant part of lowering installed 
solar PV costs has been the effect of federal and state tax credits available 
in recent years. Although tax credits are always subject to change, currently 
30% of installed costs can be taken as a credit on federal taxes and half the 
federal credit (15%) credited on state taxes through 2021. Accelerated first-year 
depreciation is also currently available to offset taxable income.  The impact 
of deduction on payback time increases in significance for those in higher 
marginal tax brackets. Consult your tax advisor for specific information. 
It’s important to avoid over-sizing your system, but instead plan on power 
generation only up to the point of offsetting your expected load because 
electrical buyback is reduced to costs for generation (not including 
transmission). The amount of generation capacity planned for is impacted by 
whether settlement or buyback from the electrical provider is on an annual or 
monthly basis. A monthly settlement implies that the most economically-sized 
system will be capable of generating electricity to offset energy used in the 
lowest demand months of the year. In practical terms, this may reduce solar 
installation size to about 70 to 80 percent or less of what would be installed for 
settlement on an annual basis. It’s important to complete an actual month-by-
month estimate of projected energy use (load) versus expected solar power 
generation to accurately size a system and find a best fit.  
Community/group vs. on-site solar installation
Some rural electric cooperatives and energy service providers organize group 
or community solar array projects (e.g., solar “farms” or “gardens”). Instead 
of contracting for installation, providing array space, and maintaining power 
generation to the electric grid, community solar provides a turnkey approach to 
participating in solar generation within a group effort. Your electric bill is offset 
by the amount of generation you own in the group array, although the array 
is not physically located on your property. Economies of scale usually lower 
installed cost per watt of generation for these larger installations. Buyback 
credits are only maintained through the existing electric service provider, so 
moving out of the service territory usually causes forfeiture of buyback benefits. 
Economic concepts still apply of purchasing generation capacity no larger 
than what can be offset by individual needs in order to capture utility buyback. 
Energy providers often limit individual participation to levels below what may 
be used by larger customers, so this option may not be a good choice for 
livestock producers. 
Economic summary 
Rates of return for installing solar generation can vary widely, however 
significantly reduced manufacturing costs in recent years, tax credits, and 
utility buyback have made the option of solar electric generation much more 
attractive than in the past. 
Getting Started
There is a logical progression of steps that should be taken to develop a 
plan for evaluating solar power opportunities on your farm. Your first step 
should be to document monthly usage of power through a 12- or 24-month 
period, allowing for seasonal use and eliminating all unusual situations in 
the analysis. If there are any opportunities to conserve energy (e.g. lighting, 
insulation, equipment selection), it is generally more cost effective to conserve 
Photo courtesy of the Iowa Energy Center
Photo courtesy of the Iowa Energy Center
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the energy before solar power production is adopted. It is also important to 
involve your electrical energy provider early in the process. They may help you 
to find programs to assist with the design and will be able to explain billing 
implications once solar energy is being produced. In most cases, you  
must provide a written notice to the utility company at least 30 days prior  
to construction.
Example: Swine Finisher
To illustrate sizing of a solar array consider an example of a 2400 head swine 
tunnel ventilated facility. The building is assumed to have a gable roof with the 
ridge running east and west. The south facing roof slope is 52 ft. 8 in. x 200 
ft. Assume the facility is located near Mason City, Iowa and has a total yearly 
usage of 63,636 kWh as a long term average (see figure 1). Assume that the 
solar array is roof mounted on a 4/12 slope (18.4 degrees) and is stationary 
and facing directly south. Assumed losses are generally thought to be 15 
percent although dust from a gravel road may increase this. Alternatively, a 
ground mount system would be the same size but the racking system could be 
a different shape (may be limited by available land area) and the fixed angle 
would likely be steeper.
Step 1. The first value needed is the solar radiation factor in kWh/kW-day. This 
factor varies by location, tilt and by the type of racking system (fixed, 1 axis 
tracking, 2 axis tracking). Table 1 gives the factors for various locations in Iowa 
for a fixed tilt system. 
Table 1. Solar radiation factors for fixed tilt solar arrays in Iowa 
(kWh/kW-day). Source: Solar Radiation Data Manual for Flat-Plate and 
Concentrating Collectors (NREL).
Tilt  
(degrees)
Des Moines 
(41.53°)
Mason City 
(43.15°)
Sioux City 
(42.40°)
Waterloo 
(42.55°)
0 4.1 4.0 4.1 4.0
Latitude – 15 4.8 4.6 4.8 4.6
Latitude 4.8 4.6 4.8 4.6
Latitude + 15 4.6 4.4 4.6 4.4
90 3.3 3.3 3.4 3.2
 
In our example the roof pitch of 4/12 is 18.4 degrees, so we will assume that 
the tilt angle is at that same angle. Our farm is located near Mason City. To 
find the row in the table to use we compare the proposed tilt of our solar panel 
with the categories listed in the first column. The latitude for Mason City is 
43.15 degrees.
 Latitude – 15 = 43.15 – 15 = 28.15 degrees
Because our tilt (18.4 degrees) is between “Latitude – 15” (28.15 deg) and “0” 
deg, the solar radiation factor from Table 1 will be between 4.6 and 4.0 kWh/
kW-day. We can then estimate that 4.4 kWh/m2-day would be an acceptable 
estimation. 
Step 2. We then use the total yearly electrical need with the value from Table 1 
to find the size of the solar array.
 63,636 kWh/yr                              =  47 kW 
 4.4 kWh/kW-day x 365 days/yr x (1.- 0.15 losses)
Photo courtesy of the Iowa Energy Center
Photo courtesy of the Iowa Energy Center
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Step 3. Calculate the quantity of modules required assuming 300 watts 
(0.3 kW) per module (39” x 78”). Use the actual wattage and physical size 
of the solar modules you will be purchasing.
 47 kW /0.3 kW per module = 157 modules
Step 4. Determine if the configuration will fit on the building roof. Generally 
the National Fire Protection Code requires that modules are not mounted up 
to the edge and peak of the roof. Peak spacing is 3 ft and 1.5 ft for edges. 
The south facing roof is 52 ft 8 inches by 200 ft so the usable roof area is 
49 ft 8 inches by 197 ft.
 Usable Roof width = 49.7 ft x 12 in/ft = 596 inches
 Usable Roof length = 197 ft x 12 in/ft = 2364 inches
 Option 1: Rows of modules arranged in portrait style. 
  596 inches / 78 inches per module = 7.6 (therefore 7 rows
  are possible)
 
  2364 inches / 39 inches per module = 60.6 (therefore 
  60 columns are possible)
  Total 7 rows x 60 columns = 420 modules possible
  Many configurations possible:
   • 7 rows of 22 (154 modules)
   • 6 rows of 26 (156 modules)
   • 5 rows of 31 (155 modules)
   • 4 rows of 39 (156 modules)
 Option 2: Rows of modules arranged in landscape style.
  596 inches / 39 inches = 15.3 (therefore 15 rows 
  are possible)
 
  2364 inches / 78 inches per module = 30.3 (therefore 
  30 columns are possible)
  Total 15 rows x  30 columns = 450 modules possible
  Many configurations possible:
   • 15 rows of 10 (150 modules)
   • 14 rows of 11 (154 modules)
   • 13 rows of 12 (156 modules)
   • 12 rows of 13 (156 modules)
The actual configuration should take into consideration mounting and wiring 
efficiencies as well as ease of maintenance. Billing practices may also greatly 
impact the decisions made on sizing the panels. For instance, if wintertime 
electrical usage is heavy (e.g. as in figure 3) and the billing year starts in 
January, the deficient part of solar production may never be recouped 
throughout the year because there is no “banked” amount of energy to draw 
on as usage exceeds generation in January and February. A month-by-month 
Photo courtesy of the Iowa Energy Center
Photo courtesy of the Iowa Energy Center
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examination of the billing practices which include production and usage 
patterns is very important in deriving the most benefit from the solar array.
There are several other considerations that should be included when designing 
your system. These include:
• Insurance and fire protection: Discussions with insurers and fire 
professionals are an important consideration in designing the system  
and providing the opportunity for shut down in the event of fire.
• Building structure: Is the building structural strength sufficient to support 
the added weight and wind loads on the solar panels? This is a major 
decision in deciding if the panels should be roof- or ground-mounted.
• Contractor selection: It is important to get recommendations and check 
references of solar installers to be sure they have the experience to provide 
a good system. It is always good practice to get multiple bids and check 
references of contractors.
• Maintenance and safety: Dust from gravel roads and crops may reduce the 
efficiency of solar panels. Consideration should be made for accessibility  
of the panels for cleaning or service. Location away from the road may also 
be desirable. Ground-mount arrays should allow clearance for snow to 
slough off and drifts.  
Additional information
Iowa Energy Center. (2016). Solar PV energy guide, Home series #5. Iowa 
Energy Center, Ames, IA. http://www.iowaenergycenter.org
Iowa Energy Center. Renewable energy, solar, (resources and calculator) 
available at http://www.iowaenergycenter.org
National Renewable Energy Laboratory. PV watts solar calculator available  
at http://pvwatts.nrel.gov
 
